The current study examined the severity of playing-related pain (PRP) problems among music students at the Prague State Conservatoire, as well as the various treatment methods used by these students and how they approach and deal with these phenomena while studying. In total, 180 instrumental students participated and completed a paper questionnaire. Of these, 88.9% reported that they had experienced PRP at least once in their lives, with 12.6% experiencing pain every time they play. The onset of PRP seemed to coincide with the transition period on entry to the conservatoire and was associated with the increase in hours of practice. Specific body regions associated with playing each particular instrument were most frequently affected, with females being more susceptible than males to the development of PRP. An alarming 35% of the affected students tended not to seek help at all, whereas those who did tended to seek advice first from their instrument tutor and second from medical doctors. Most students who visited doctors reported that medical treatments only partially helped them to overcome PRP problems. The most frequent treatment methods used were resting, gel or creams, and physical exercises. Students believed that inappropriate posture played a key role in the development of their PRP problems. Finally, students indicated a willingness to be aware of and educated about PRP issues during their studies. Further exploration of PRP problems among student musicians is warranted. Better understanding of differing attitudes toward, use of, and efficiency of various treatment methods after the occurrence of PRPs will provide additional insight for prevention and treatment. Med Probl Perform Art 2015; 30(3):135-142. P laying a musical instrument is a highly demanding task involving both physical and mental skills developed throughout a lifelong process of learning and practice. Similar to athletes, musicians frequently suffer from various mild or severe musculoskeletal disorders, peripheral nerve problems and focal dystonias (also known as musician's cramps). [1] [2] [3] Extensive practicing (overuse), instrumental constraints, 4 ,5 posture abnormalities, 6 inappropriate/"poor" technique, 3, 7 stressful psychosocial constraints (e.g., performance anxiety), [8] [9] [10] [11] previous injuries, age, 12, 13 and genetic predispositions 8 are some of the risk factors contributing to the development of PRP disorders. 5, 7, 14, 15 Many studies have underlined the severity of PRP problems among professional musicians. 8, 12, 15, 16 One of the largest epidemiological investigations among members of 48 orchestras (n=2,212) revealed that 82% of the musicians were experiencing medical problems, with 76% of them indicating one severe problem in their career impacting their performance. 12 Nevertheless, findings suggest that PRP problems among musicians occur as early as during tertiary, secondary, or even earlier levels of education. [9] [10] [11] [17] [18] [19] [20] [21] [22] [23] [24] Therefore, affected music students may become more vulnerable to developing further injuries during their professional career. [8] [9] [10] [11] 17, 18, 20, 25 The more information we have concerning the origin of these PRP syndromes in adolescents, the better we will be able to protect future professional musicians from unwanted physical impairments.
The aim of the current study was to assess the severity of PRP problems among conservatoire instrumental music students. However, we strove not only to gather information related to PRPs, but also to investigate various strategies by which instrumentalists and tutors react to the appearance of this common phenomenon. Therefore, our questionnaire study was designed to cover PRP issues, treatment strategies, tutors' and the institution's attitudes toward affected students, and body awareness related to PRP prevention.
METHODS

Participants
One hundred eighty students (mean age 19 ± 2.6 [SD] yrs, min 15, max 28; male 48.3%, female 51.7%) who had "instrumental performance" as a major subject of their studies participated in the current study. The distribution of instruments was: strings 44.4%, woodwinds 18.9%, brass 13.3%, keyboard (piano and organ) 12.2%, plucked 5%, percussion 3.9%, and aerophones (accordion) 2.2%. The distribution of year of study was: 1st and 2nd year 34.4%, 3rd and 4th year 32.8%, 5th and 6th year 32.8%. The age at which students began playing their musical instruments ranged from 3 to 18, with a mean age of 7 yrs (±2.9 SD) and an average daily practice time of 4.4 hrs (±1.14).
Instrument and Procedure
The anonymous paper version questionnaire, written in Czech, was distributed to instrumental students during theoretical classes (e.g., music theory, harmony, history of music, etc.). Because questionnaires were completed during the official school curriculum and under the support of the conservatoire tutors who randomly distributed the questionnaires in some of their classes (instrumental students only), a response rate of 98.4% was obtained. Three questionnaires were excluded due to inappropriate or repeatedly missing answers. The 180 completed questionnaires represented 56% of all the instrumental students of the Prague State Conservatoire.
The data were collected within a 3-week period during the academic year 2009-2010. The survey took approximately 15 min to complete. It consisted of 41 mostly multiple-choice questions (close-ended or open-ended when necessary), and it was mainly structured in five sections: the first dealt with demographic data and hours of practicing during different age windows, the second section explored PRP issues, the third section focused on students' reactions to deal with their PRP problems, the fourth section asked how tutors and the institution reacted to students' PRP problems, and the final part explored students' opinions about body physiology awareness. Students who had never experienced any PRP problems completed only the first and last sections. The study was reviewed and approved by the official board of the Prague State Conservatoire.
Statistical Analysis
Parametric or nonparametric chi-square tests, t-tests/ Mann-Whitney U-tests/Wilcoxon's tests, analyses of variance (ANOVA)/Kruskal-Wallis tests were performed for comparisons between groups of interest. Moreover, correlation analysis (Pearson's/Spearman's) was also performed for possible relationships between several variables. The level of significance was set at p<0.05. Effect size was estimated by the use of Pearson's correlation coefficient, r. Missing values in specific items were not replaced. Instead, we report percentages from the remaining inputs. In cases where missing values could have an impact on the results, the percentage of missing data points was reported. IBM SPSS Statistics software package (version 21.0; IBM SPSS, Armonk, NY, USA) was used for the analysis.
RESULTS
Playing-Related Pain (PRP) Issues
One hundred sixty out of 180 students (88.9%) reported that they had experienced pain caused by playing their musical instruments, with females being more affected than males, χ 2 (1) = 6.40, p = 0.016 (exact, two-sided). According to students' reports, PRP first appeared at the age of 15 The age of onset of the PRP was investigated between strings, woodwinds, brass, and keyboards separately, for all affected students, for affected males, and for affected females. Again, no differences were found; onset-age for all: H(3) = 0.562, p>0.05; onset-age for affected males: H(3) = 1.02, p>0.05; onset-age for affected females: H(3) = 0.778, p>0.05. Percussion, plucked, and aerophones were excluded from these comparisons due to the small number of subjects per group (n=7, 8, and 3, respectively). Distributions among affected students per instrument family and gender are shown in Table 1 .
A significant increase in average hours of daily practicing was observed between the ages of 10 and 15 and the current daily practicing for both affected and nonaffected students:
Affected students 2.5 1.5 -9.4 0.00 -0.7 Nonaffected students 2.5 1.5 -3.36 0.01 -0.3
Regarding the frequency of the appearance of the PRPs, 9.4% of the participants reported that they experienced the pain only "once or twice," 78% "several times," and 12.6% "every time they play" (for occurrence of the PRP by instrument family, see Table 2 ). Furthermore, no differences or correlations (2-tailed) were observed between the frequency of the appearance of the PRPs (once or twice vs several times vs every time they play) for (for comparisons) and against (for correlations), age, age onset and hours of practicing respectively: Finally, no differences were found for hours of practicing between students who did not report any PRP problem, those who reported a PRP for "once-twice" and "several times" (grouped together), and those who reported pain "every time I play": H(2) = 1.4, p>0.05.
The body location affected by PRP by instrument family (strings, woodwinds, brass, and keyboards) is shown in Figure 1 Table 3 .
Treatment Strategies
When students experienced PRP problems, they preferred to seek help first from their instrument tutor (48.4%) and second from a medical professional. A high percentage (35.2%) tended not to seek help at all. When asked a more general question (i.e., "who did they believe helped them most to treat their PRP problem"), students indicated their instrument tutor as first choice and a medical doctor as a second choice, followed by friends, colleagues, etc. (missing responses 8.8%, n=14) (Fig. 2) . Students who visited a doctor (n=40) were additionally asked if the doctor was able to help them solve their problem fully. Only 28.2% reported this to be the case, while 64.1% said that the doctor helped them partially and 7.7% reported that the doctor was unable to help them.
Regarding the causes of the PRP based on self-assessment, the majority of students (76.3%) reported inappropriate technique and/or abnormal body posture as the main cause and, to a lesser degree, practicing without breaks (28.8%), extensive practicing (26.3%), and other reasons (24.4%). Specific treatment methods used by the affected participants relating to the frequency of the PRP occurrence are shown in Figure 3 .
Tutors' and Institution's Attitudes
Reactions of the instrument tutors to students' PRP problems varied considerably. Students indicated the most frequent reactions for tutors to be: "you occasionally have to take some time off" (44.6%), "it's nothing serious, it happens" (33.1%), and "I believe that your bad technique is the main reason" (25.7%). Figure 4 shows tutors' reactions related to the frequency of occurrence of the PRP (missing responses 7.5%, n=12). Elsewhere, 76.1% of all subjects (n=180) reported that their tutors mentioned during teaching how important a healthy body is for musicians. The frequency with which this was mentioned was 1.5% in "every lesson," 21.9% "very often," 52.6% "sometimes," and 24.1% "rarely."
Concerning the frequency of lectures, seminars, or classes provided by their institution about musicians' wellbeing, 9.3% reported "sometimes," 25.6% "rarely," and 65.1% "never" (n=180). When affected students who visited a medical doctor (n=40) were asked if their school duties allowed them to follow any instructions by the doctor in order to treat their problem, only 30% answered "yes," 20% "no," and 50% "partially." It is also interesting that 25.3% of all the students who experienced PRP problems continued playing while experiencing pain "very often," whereas 49.4% continued "sometimes," 16.5% "rarely," and only 8.9 % "never."
Students' Perspectives on Body Physiology Awareness
The following results are extracted from all participants (n=180). When students were asked whether they have to keep their body in a good physical condition in order to develop correct technique and avoid future pain problems, the answers were 90.4% "yes," 3.4% "no," and 6.2% "I do not know." Some 68.7% of students believed that they have to know the physiology/anatomy of the body, whereas 8.9% answered "no" and 22.3% "I do not know." When asked more specifically whether basic knowledge of the anatomy/physiology of the human body would have enabled them to avoid PRP problems, 43.4% reported positively, 21.1% negatively, and 35.4% "I do not know." In addition, 61% of students found the idea of introducing anatomy/physiology courses in music schools as a "good idea," 17.5% as "not a good idea," and 21.5% said "I do not know." Finally, 77.1% of the music students believed that music schools need and should have a medical specialist/doctor who would deal with students' PRP problems, while 8.4% answered in the negative and 14.5% answered "I do not know."
DISCUSSION
Playing-Related Pain Issues
The current study focused on PRP problems and on various strategies music students follow in order to overcome these problems. The investigation revealed that the vast majority (88.9%) of instrumental music students experienced PRP problems during their studies. Similar to Zaza's (1998) 26 findings, a considerable 12.6% experienced these problems every time they performed. High proportions (33 to 89%) of music students experiencing PRP problems were also reported by previous studies in the secondary and tertiary level. [9] [10] [11] [17] [18] [19] 21, 23, 24, 27 Such a high prevalence of PRP problems among student musicians may lead to widespread development of more serious chronic injuries during these musicians' professional careers. The average age of onset of PRP in our sample was 15 years. Interestingly, 15 is the official minimum age of a candidate entering the conservatoire (first-year students' age: mode 15, min 15, max 24). As the results indicate, the transition period from the lower secondary to the upper secondary level also requires intensified practice. This is necessary first to successfully pass the difficult entrance examination, second to adapt to the higher instrumental performance demands of a new and more competitive psychosocial environment (exams, concerts, competitions, etc.), and third to adjust to different approaches concerning technique and performance introduced by new tutors. These demands, together with increased hours of practice, could contribute as aggravating risk factors to the development of PRP problems. Similarly, Fry (1987) 8 also reported that the onset of symptoms correlates strongly with the increase of practice time and underlined as triggering factors exams, recitals, competitions, and new teachers.
Concerning gender, females were found to be more vulnerable to PRP problems. This is in keeping with the majority of previous studies reporting that females are more frequently affected at student 8, 10, 17, 18, 21, 24, [28] [29] [30] [31] [32] and professional levels. 15, 33 With respect to age, age of onset of PRP, and hours of practicing, no gender differences were observed, suggesting that female susceptibility to PRP could be due to anatomical differences, such as less muscular strength, joint laxity, hypermobility, 10, 34, 35 or hand muscle weakness. 7 Nonetheless, further anthropometric measures should be applied to clarify gender anatomical differences. Similar to Burkholder and Brandfonbrener (2004) 7 and Ranelli (2011), 21 the localization of the PRPs was found to be related to workload imposed on the body regions involved (Fig. 1) . Interestingly, and as repeatedly reported in previous studies, 3, [7] [8] [9] [10] 19 body locations affected across all instrumentalists were the back, wrist, spine, forearm, finger, shoulder, waist, and neck. Similar locations were also found in even younger musicians (aged 11 to 18 yrs) with a frequency of over 50%. 36 Body parts exposed to augmented postural demands (such as back, spine, waist, neck, and shoulder) seem to be highly related to the development of PRP problems.
Moreover, 49% of all affected students believed that inappropriate technique and/or abnormal body posture was the main cause of their PRPs. These results underline 65|89  80|60  50|67  60|83  0|100  57|-0|100  57|81  Wrist  35|64  40|60  70|67  20|17  67|0  57|--42|58  Spine  52|49  50|30  50|33  20|17  17|50  43|-0|50  40|41  Forearm  30|51  50|40  20|24  -50|0  57|-100|50  31|39  Waist  26|45  20|30  40|29  7|50  -43|-0|50  22|39  Neck  44|34  40|10  10|24  0|33  --0|100  21|30  Shoulder  30|40  30|10  0|14  7|17  33|0  29|-0|100  21|30  Finger  17|34  30|20  60|19  20|17  33|0  43|-0|100  29|28  Lips  4|0  0|10  60|43  67|83  ---24|17  Teeth  0|15  0|10  20|14 
Data given as percentages, for males (M) | females (F). * Gender differences, p<0.05.
FIGURE 2.
Sources approached for information when students developed a PRP. 6 reported that 93% of instrumental professional musicians who experienced playing-related musculoskeletal disorders presented dysfunctions of postural stabilization, implicating impairments of the lumbopelvic stabilization system and of the scapula and upper cross syndrome (i.e., muscular imbalances located at several head and shoulder regions). The latter two were more frequent among females.
Finally, concerning the number of affected locations, a significant gender difference across all instrumentalists was found. Females display higher general susceptibility, supporting the earlier point that anatomical differences could play an important role in the development of PRP problems.
Treatment Strategies
Asking for help seems to still be a taboo among musicians. A large minority, representing one third of affected students (35%), tends not to seek help at all. Similar high proportions of students who did not attempt to solve their PRP problems or who did not ask for any professional advice have also been reported by Shoup (1995) 9 and Spahn (2002) . 24 This high percentage could be explained firstly by high psychosocial pressures among music communities, since injuries may be interpreted as a sign of deficient technique. Furthermore, many teachers and students still adhere to a "no pain, no gain" mentality, believing that suffering for their art is the normal price to be paid for excellence. Finally, the fact that PRP problems are complex to treat could lead to insecurity and mistrust with respect to interventions, and even to fatalism. Nevertheless, those students who tended to seek help resorted first to their instrumental tutor and second to medical doctors. This could suggest that the role of instrument tutors should not be limited to instrumental teaching; instead, they should additionally be trained in preventing and recognizing PRP problems of their students as well.
Concerning those students who visited a doctor, the medical treatment was often not sufficient to help them overcome their PRPs. Only 28.2% reported that the medical doctor was able to help them satisfactorily. The majority reported that the doctor helped them partially. These results emphasize, on the one hand, that students may be unaware of which doctor would be the most appropriate for their problems and, on the other hand, the lack of physicians specialized in the field of musicians' medicine. Moreover, affected students reported that the best advice for overcoming their PRP problem was given first by their tutor and only second by physicians. Nevertheless, it should also be noted that due to several school obligations, half of the students who visited a medical doctor only partially followed medical instructions.
Various treatment methods for PRP problems are used among affected students. "Resting," "gels or creams," and "specific exercises/stretching" seem to be the most commonly applied methods. Similar results were reported by Shoup (1995) . 9 Other less common therapies include the application of "bandages," use of "pills," "physiotherapy," and "hand splint." The relationship between treatment methods applied and the frequency of PRP problems reveals some interesting points, which deserve further exploration (Fig. 3) . For example, the use of "specific exercises/stretching" increased rapidly with the frequency of PRP occurrence. The same effect can be observed for physiotherapy, which in general remains an infrequent option compared to "resting" and physical exercises. In contrast to "exercises/stretching," when pain becomes more frequent and severe, interventions like "resting" and "gel or cream" decrease. It may be that these treatment methods are perceived as less efficient. Nevertheless, in order to draw definitive conclusions concerning treatment methods against PRP problems, further studies including objective evaluations should be conducted.
Tutors' and Institution's Attitudes
According to students' reports, instrument tutors mostly advised them to take some time off when PRPs occurred. These results could also explain why "resting" was the main solution for overcoming PRP problems. Tutors also tended to mention that instances of PRP are nothing serious and, when PRP problems occurred more frequently, tended to focus on inappropriate technique. Moreover they were reluctant to send students to medical professionals (Fig. 4) . Nevertheless, these results do not mean that instrument tutors do not take PRP issues seriously, since a high percentage of students reported that their tutors mentioned during teaching how important a healthy body is for instrumental musicians.
Another important question is how feasible it is for students to treat a PRP issue while studying? Interestingly, only 30% of the affected musicians were able to follow medical instructions fully in order to treat their problems alongside their school obligations. Alternative solutions enabling affected students to overcome PRP problems during their studies seem to be essential. Therefore, a redesigned curriculum, based on a collaborative effort between institutions, tutors, and medical specialists, should be examined and promoted. However, this step alone may be insufficient, as students' own behavior also provides some cause for concern. Similar to the findings in Shoup (1995) 9 and Lockwood (1988), 17 a quarter of the affected students stated that they always continued playing while experiencing pain, whereas half of them sometimes continued. This mental approach could also prolong PRP problems 9 and lead to more severe and chronic injuries.
Students' Perspectives on Body Physiology Awareness
The lack of physical conditioning among affected and nonaffected music students already reported by Burkholder and Brandfonbrener (2004) 7 encouraged us to ask students a few questions concerning their body awareness. Results were very positive. The majority of students believed that physiological/anatomical knowledge should be mandatory and were convinced that keeping their body in good physical condition would help them develop a correct technique and avoid PRP problems. Interestingly, Roach (1994) 19 already found that instrumentalists who spend several hours per week on physical activities are less likely to be affected by joint pains. Additionally, most students were in favor of the introduction of anatomy/physiology classes in music schools, and the vast majority favored the affiliation of a suitable medical specialist to their music school. It is clear that students realize the necessity and importance of efficient management and prevention of PRP problems during their studies and are willing to augment their knowledge of PRP issues.
Limitations and Future Research
Epidemiological studies based on self-reports and selfdesigned questionnaires may lack reliability. There is an urgent necessity for standardized questionnaires, which can form reliable tools for the assessment of musculoskeletal problems of performing musicians. Such questionnaires have recently been developed by Lamontagne and Belanger (2012) 37 and Berque et al. (2014) . 38 However, both instruments were published after our study was undertaken. Furthermore, our results are based on students' selfreports. Questionnaire-based studies should be accompanied by clinical examinations from medical specialists in order to confirm convergent validity. Although the specific institution from which our participants were drawn hosts students from all over the Czech Republic, more data from several Czech music institutions could constitute a more representative sample for a fuller characterization of Czech instrumental students. Apart from the epidemiological importance of PRP problems among instrumental musicians, future studies should also focus on redesigning music schools' curriculums in order to be flexible in situations where students will need to overcome possible PRP problems during their studies. Furthermore, a deep exploration of the treatment methods based on subjective and objective (clinical) examination could provide further insights for treatment and prevention of PRP problems among music students.
CONCLUSION
This paper demonstrates that PRP problems among instrumental musicians have their origins in activities undertaken as early as secondary and university levels. The transitional period into a music institution of a higher educational level, with the associated increase in hours of practicing, forms an aggravating risk factor in the development of PRP problems. Based on students' reports, abnormal body posture seems to play a crucial role in the development of PRP problems, with females being more susceptible to it than males. When PRPs appear, students in the first instance tend to seek help from their instrumental tutors. Medical doctors remain the second option. The majority of affected students reported that medical doctors only partially solved their problems, and a remarkably large proportion (35%) tends not to ask for medical advice at all. A common treatment method used by students is simply to rest, and when PRP problems become more frequent, students tend to perform more physical exercises. The present study points to the necessity for more specialized doctors in the field of musicians' medicine and emphasizes the importance of closer collaboration between physicians, instrumental tutors, and students. The promotion of September 2015 141 lectures or seminars dealing with wellness in music schools could enhance students' knowledge concerning prevention of PRP problems, which remain complex to treat.
